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Title: A PROCESS FOR PRODUCING TRYPSIN (TRYPSINOGEN) 



FIELD OF THE INVENTION 

The present invention relates to a process for the production 
of trypsins in filamentous fungi and to DNA sequences to be 
used in such processes. 



BACKGROUND OF THE INVENTION 

In recent years, procedures have been developed for the 
transformation of filamentous fungi, including Aspergillus 
niser, Aspergillus oryzae, and Aspergillus nidulans . us 
4,885,249 (Allelix) describes a general process for the 
transformation of A^ niger, exemplified by the introduction of 
plasmids carrying genes encoding selectable markers. 

This method is generally used for the expression and production 
of proteins originating from other microbial sources, but 
mammalian proteins have also been produced in such systems. 

However, it has been experienced that the expression of 
trypsins, especially mammalian trypsins only is accomplished to 
extremely low levels. 



SUMMARY OF THE INVENTION 

It has surprisingly been found that when the genes encoding 
selected trypsinogens (protrypsins) are expressed in 
Aspergillus sj^ the levels of trypsin secreted are increased 
several fold compared to those apparent from other microbial 
systems . 
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Accordingly, the present invention relates to a process for the 
production of trypsins ( trypsinogens) or derivatives thereof in 
filamentous fungi, the process comprising 

(a) transforming a filamentous fungus host organism with a 
recombinant DNA vector which comprises a DNA sequence 
encoding trypsinogen (protrypsin) or a derivative thereof 
N-terminally fused to a DNA sequence encoding a signal 
peptide that may be the native sequence or another signal 
sequence derived from a fungus, such as the Asperaill^ 
oryzae TAKA amylase gene or a derivative of such a signal 
peptide , 

(b) culturing the transformed filamentous fungus host 
organism m a suitable culture medium under conditions 
conducive to the expression of trypsinogen (protrypsin) 
and secretion of the trypsinogen and trypsin to the 
medium, and 

(c) recovering the protrypsin or trypsin or derivative 
thereof fron the medium. 

In the present context, the term "derivative" is intended to 
indicate a polypeptide which is derived from the native trypsin 
or signal peptide (as the case may be) by suitably modifying 
the DNA sequence coding for the native trypsin/signal peptide, 
resulting in the addition of one or more amino acid at either 
or both the c- or N-terninal end, substitution of one or more 
amino acids at one or a number of different sites in the native 
amino acid sequence, deletion of one or more amino acids at 
either or both ends of the native amino acid sequence or at one 
or more sites within the native sequence, or insertion of one 
or more amino acids at one or more sites in the native amino 
acid sequence. Such modifications of the DNA sequence may be 
done by methods well known in the art. 

The term "filamentous fungus" is intended to include the groups 
Phycomycetes, Zygomycetes, Ascomycetes, Basidiomycetes and 
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fungi imperfecti, including Hyphomycetes such as the genera 
Aspergillus, Penicillium, Trichoderms . Fusarium and Humicola. 

The presence of the signal sequence serves to direct the 
expressed trypsinogen or derivative thereof effectively into 
the secretory pathway of the host cell so that trypsinogen or 
trypsin may readily be isolated from the culture medium (at 
least some of the product recovered will be mature trypsin as 
the trypsinogen secreted from the cells is either subjected to 
automaturation or maturation by proteases produced by the host 
cell) . 

In the present invention the signal sequence does not seem to 
be critical, and a number have been tested, such as the TAKA- 
amylase (ref. EP o 238 023), the PTRYP-trypsin , and the human 
HTRYPI-trypsin and HTRYPII signal sequences (Okayama et al . , 
Methods in Enzymology 154, 3-28 (1987), Emi et al . , Gene 41, 
305-310, (1986) ) . 

The trypsin (trypsinogen) to be produced by the process of the 
invention is trypsin of any origin, especially mammalian 
trypsin, such as porcine, bovine, and human trypsin. 

The invention furthermore comprises certain DNA sequences 
coding for porcine trypsin (trypsinogen) and alleles thereof 
capable of expressing trypsins having retained their biological 
activity . 

Furthermore the invention relates to vectors comprising said 
DNA sequence and hosts transformed therewith. 
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BRIEF DESCRIPTION OF THE TAST.ES A>JO nPftWTMr. 

The invention is described in further detail in the allowing 
parts of the specification with reference to the Exar :es and 
the drawing, wherein 

Fig.l shows the steps involved in the construction of pHW470, 
Fig. 2 shows the steps involved in the construction of P HW473. 
and 

Fig. 3 shows the steps involved in the construction of pHW874, 



DETAILED DESCRI PTION OF THE TNVFHTTnM 

As indicated the present invention in its first aspect relates 
to a process for the production of trypsins ( trypsinogens ) or 
derivatives thereof m filamentous fungi, the process compris- 
ing 

(a) transforming a filamentous fungus host organism with a 
recombinant DNA vector which comprises a DNA sequence 
encoding trypsinogen or a derivative thereof N-terminally 
fused to a DNA sequence encoding a signal peptide that 
may be the native sequence or another signal sequence 
derived from a fungus, such as the Asperain,,. orvzae 
TAKA amylase gene or a derivative of such a signal 
peptide, 

(b) culturing the transformed filamentous fungus host 
organism in a suitable culture medium under conditions 
conducive to the expression of protrypsin and secretion 

thereof to the medium, and 

(c) recovering the trypsinogen or trypsin or derivative 
thereof from the medium. 
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The vector may further comprise DNA sequences encoding 
functions facilitating gene expression, typically a promoter 
transcription initiation sites, and transcription termination 

and polyadenylation functic 



-ons , 



The promoter which may be preceded by upstream activating 
sequences and enhancer sequences as known in the art may be any 
DNA sequence exhibiting a strong transcriptional activity in 
f Perq niUS ^' SUCh as ^ ^ and A, niger, and may be 
derived from a gene encoding an extracellular or intracellular 
protein such as an amylase, a glucoamylase , a protease a 
lipase, a cellulase or a glycolytic enzyme. 

Examples of suitable promoters are those derived from the gene 
encoding A^ oryzae TAKA amylase, Rhizomucor miehei aspartic 
proteinase, A. niger neutral a-amylase, A^ niger acid stable a- 
amylase, A^ niger glucoamylase, RMzpjnucor miehei li pase or A 
ory^ae alkaline protease. Examples of promoters from' gene! 
encoding glycolytic enzymes are the A. oryzae triose phosphate 
lsomerase, ADH and PGK promoters. 

The filamentous fungus used as the host organism is preferably 
selected from an Asp ercilT.s s P . such as L niger A. awamori or 
A_^_ orvzae , 

Termination and polyadenylation sequences may suitably be 
derived from the same sources as the promoter. 

The techniques used to transform the host organism may suitably 
be adapted from the methods of transforming A, nidulans 
described in, for instance, Yelton et al . , Pr ^. Natl . 
5C1 - USA ^' 1984 ' p P' ^70-1474, or EP 0 215 594, from the 
methods of transforming A, niger described in, for instance 
Buxton et al . , Gene 37, 1985, pp. 20 7-215 or US 4,885,249, or 
from the methods of transforming A^ orvzae described in EP 
238023. in the process of the present invention, a^ orvzae or 
A. niger may be transformed with a vector system comprising a 
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DMA sequence coding for a selection marker which is capable of 
being incorporated m the genone of the host organism on 
transformation, but vhich is either not expressed by the host 
before transformation or not expressed in sufficient amounts to 
permit growth under selective conditions. Transf ormants can 
then be selected and isolated from non-transf ormants on the 
basis of the incorporated selection marker. 

Suitable selection markers may be derived from the A_j_ nidulans 
or A^. niqer ar^B gene, the nidulans trpc gene, the A^ 

nidulans amds gene, the Neurospora crassa pyr4 or DHFR genesT 
or the A.;, niger or A^ orvzae niaD gene. 

Preferred selection markers for use in the present invention 
are derived from the A^ nidulans or A^ niqer amds or araB 
genes. If argB is chosen as the selection marker, an ArgB - 
mutant strain (which does not express the ArgB gene) must be 
used as the host organism. On the other hand, the amds gene may 
be used as the selection marker in wild-type A^ orvzae or A^ 
niaer strains which do not express this gene in sufficient 
amounts to perm.it growth under selective conditions. 

The signal sequence may be chosen from signal sequences derived 
from the trypsmogen gene itself, or from a gene encoding e.g. 
pryzae TAKA amylase, Rhizomucnr miehei aspartic proteinase, 
niger neutral a-amylase, A^ niqer acid stable a-amylase, A, 
nioer glucoamy lase , Rhizomucor miehei lipase, or a. orvzae 
alkaline protease. Examples of genes encoding glycolytic 
enzymes are the A^ oryzae triose phosphate isomerase, ADH and 
PGK. Combinations and/or variants of such signal sequences may 
also be used. 

The gene coding for trypsinogen fused to the signal sequence as 
well as to promoter and terminator sequences may be inserted in 
a vector containing the selection marker, or it may be inserted 
in a separate vector for introduction into the host cell. The 
vector or vectors may be linear or closed circular molecules. 
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The medium used to culture the transformed host cells may be 
any conventional medium suitable for growing filamentous fungi. 
The transformants are usually stable and may be cultured in the 
absence of selection pressure. However, if the transformants 
are found to be unstable, the selection marker introduced into 
the cells may be used for selection. 

The trypsinogen or trypsin produced by the host cells may 
conveniently be recovered from the culture medium by well-known 
procedures including separating the cells from the medium by 
centrifugation or filtration, and precipitating proteinaceous 
components of the medium by means of a salt such as ammonium 
sulphate, followed by chromatographic procedures such as ion 
exchange chromatography, affinity chromatography, or the like. 

The invention furthermore comprises certain DNA sequences 
coding for porcine trypsin (trypsinogen) and alleles thereof 
capable of expressing trypsins having retained their biological 
activity. 

The invention relates in a further aspect to vectors comprising 
said DNA sequences. 

The invention also encompasses hosts transformed with such 
vectors. The hosts may be of animal or microbial origin, such 
as mammalian cell lines, bacteria, yeasts or fungi, especially 

filamentous fungi . 

Finally the invention relates to a method of recombinant^ 
producing porcine trypsin, the process comprising 



(a] 



transforming a host with a recombinant DNA vector which 
comprises a DNA sequence encoding porcine trypsinogen or 
a derivative thereof N-terminally fused to a DNA sequence 
encoding a signal peptide that may be the native sequence 
or another signal sequence or a derivative of such a 
signal peptide, 
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(b) culturing the transf orned host in a suitable culture 
medium under conditions conducive to the expression of 
porcine trypsmogen and secretion thereof to the medium, 
and 

(c) recovering the porcine trypsinogen or trypsin or 
derivative thereof from the medium. 

The invention is further illustrated in the following examples 
which are not in any way to be construed as limiting to the 
scope of the invention as claimed. 



MATERIALS AND METHODS 



EXAMPLES 



Example l. 

Cloni ng of human trypsinogen I and II cDNA. 

From a human pancreatic cDNA library constructed according to 
Okayama et al. , Methods in Enzymology 154 , 3-28 (1987), we 
isolated cDNA clones encoding the two major human trypsinogen 
isozymes, TRY I and TRY 1 1 . The sequences of Emi et al., Gene 41, 
305-310, (1986), were used to select probes for isolation : 

NOR 948 : 5» GCCCC CAACGATCTTGTCATCATCATC 3« SEQ ID NO: 3 

NOR 949 : 5' GTTCAGAGTCTTCCTGTCGTATTGGGG 3» SEQ ID NO: 4 

NOR 948 is common to TRYI and TRY 1 1 , NOR 949 is specific for 
TRYII. Eull length clones were isolated having sequences in 
accordance with the ones published by Emi et al . , Gene 4.1, 305- 
310 (1986). The plasmids were designated pHW468 for TRYI and 
pHW469 for TRYII. 
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Example 2 . 

Cloni ng of porcine trypsinog p n cDNA . 

mRNA was purified from porcine pancreas using standard methods 
(Maniatis 1982) . cDNA was prepared from the mRNA, purified and 
inserted into Xgtll using the cDNA cloning systerrw.gtll from 
Amersham, UK. Preparation of phage, plating cells, infection 
with Xgtll, amplification and screening was performed according 
to the manufacturers introductions and standard techniques 
(Maniatis 1982). The oligonucleotide NOR 948, as described 
above, was used for screening of plagues. 

Positive plaques were isolated and amplified. The isolated 
Agtll DNA was subjected to digestion with EcoRl and the 
inserted cDNA was cloned into EcoRl cleaved pBluescript SK 
(Stratagene) using ampicillin selection of l coli JM101 
trans formants. The selected plasmid was shown by DNA sequencing 
analysis (Sequenase, U.S. Biochemical Corp.) to contain a cDNA 
sequence compatible with the known porcine trypsin amino acid 
sequence (Hermodson et al . , Biochemistry 12, 3146-3153 (1973)). 
The almost complete sequence lacking the very N-terminal end 
of the signal peptide of porcine pre-pro-trypsin was obtained 
from 2 EcoRl fragments of 130 bp covering the N-terminal and 
740 bp covering the c-terminal. The resulting plasmid was 
designated P 185, the sequence of which is shown in SEQ ID NO- 
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Example 3 

Expression of hum an trrpsinoaen I and TT in A. ory ^P. 

Vectors for expression of human trypsinogen I and II 
Aspergillus were constructed as outlined in Fig. l and Fig. 2 
The BamHl-PvuII linker 

971 : 5' GATCCACCATGAATCCACTCCTGATCCTTACCTTTGTGGCAG 3 

972 : 3' 

SEQ ID NO: 5 



in 



NOR 

NOR 97 2 : 3' GTGGTACTTAGGTGAGGACTAGGAATGGAAACACCGTC 5 



connects the cDNA to the BamHl site in the fungal expression 
vector P 777 described in EP 0 238 023. The common linker covers 
the first 11 amino acids of the signal sequence of TRYI, 
differing only m position 3 from TRYI I , which has a leucine 
instead of proline in its native sequence. The remaining part 
of the sequence is nat • -a to both species. 

The trypsinogen e> ion vectors P HW470 and pHW473 were 

transformed into a IFO 4177, or a protease deficient 

derivative thereof, .-..560-T40, using the procedure described in 
EP 238023. Selection on acetamide was performed by co- 
transformation with pToC 186 as described in WO 93/00426. 

Transformants were grown in YPD medium (Sherman et al ., Methods 
in Yeast Genetics, Cold Spring Harbor Laboratory, 1981) for 3-4 
days and analysed for new protein species in the supernatant by 
SDS-PAGE and Wes- blot, using polyclonal antibody raised 

against porcine t n , which did not appear to detect the 

human trypsin spe. However, activity assays using L-BAPNA 

(L-Benzoyl-arginyl nitro anilide) as substrate demonstrated 

convincingly the e .ssion of TRYI and TRYI I from A^ orvzae . 
Also, both species were purified from A^ orvzae supernatants . 
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Example 4 



.Expression of ^rcin^trv^sirL^r^ 



orvzae 



A vector for expression of porcine trypsinogen in Asoerai] , 
was constructed as outiined in Fig . 3 . To connect th^Sf^ 
ammo acids of the tiki = m ,^ • irst 18 

ox tne TAKA amylase signal to the last a • 

:i;:: r r the p — ™» — - — 



226/223 : 

5' GCACCGGCCGCGGTGGCCTTCCCGACCGACGATGACGACAAGATCGTCGGCGGG 
GCCGGCGCCACCGGAAGGGCTGGCTGCTACTGCTGTTCTAGCAGCCGCCC 



225/224 : 

TACACGTGTGCAGCGAACTCGATCCCTTACCAGGTCTCGCTG 3 ' 

ATGTGCACACGTCGCTTGAGCTAGGGAATGGTCCAGAGCGACTTAA 5 ■ 99 b 

SEQ ID NO: 6 b 

This fusion aiso has a part of the TAKA a.yiase propter and 

of the trypsin gene ls ,o lne d to this in S ub 2 , Keeping tract or 

the orientations. The flnal egression vector, pHwa^ 

-vl.se propter and ^ terminator as functional element 

s - ere derived fr °* ^ — - 

The porcine trypsin expression vector P „WS7< was transformed 
into ^ as descried in Exa mpl e 3 . Transforms were 

7 " analySed ^ sos-P AGE - W est e rn and 2 

cleavage of L- BAPNA , as described in Example 3. In this case 
distinct bands of the expected s i, ^ 
mature trypsin „ere seen 1 Western^bLT 01 " 6 

activity measure.ents „ith L-BAPNA ' """^^ *° 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: Novo Nordisk A/S 

(B) STREET: Novo Alle 

(C) CITY: Bagsvaerd 

(E) COUNTRY: DENMARK 

(F) POSTAL CODE (ZIP) ■ DK-?flfin 

(G) TELEPHONE : +45 4444888B 

(H) TELEFAX : +45 44493256 

(ii) TITLE OF INVENTION: Process f„r 

lt ° C n ess for the Production of trypsin 
( trypsinogen ) 'P sln 

(iii) NUMBER OF SEQUENCES: 6 

(iv) COMPUTER READABLE FORM • 

(A) MEDIUM TYPE: Floppy disk 

(Bi COMPUTER: IBM PC r-L^ f \. , 

!C) OPERATING "sTeS- P^DOS/M< nn 

(D) SOFTWARE: Pa.entln Relefsf «?° C v 

Please #1.0, Version #1.30 (EPO) 

(2) INFORMATION FOR SEQ ID MO: 1: 

(i) SEQUENCE CHARACTERISTICS- 

<A) LENGTH : 897 base oalrs 
B) TYPE: nucleic acid 

(C) STRANDEDNES5 : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDI.'A 
(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE • 

(A) ORGANISM: Sus scrofa 
(F) TISSUE T yp E: Pancreas 

(ix) FEATURE: 

(AJ NAME/ KEY: C^^ 

(B) LOCATION: A . ~144 

(xi) SEQUENCE DESCRIPTION: SEQ 10 N0 : 1: 
G G \ A^ ^ CC"" * A. ^ * ^- 

lie Pro Asn ?hr Phe SIl 2 "u Al* ^ f TG GGA GCT GCT ^ 
1 5 i-eu „ ej Ala Leu Leu Gly Ala Ala Val 

10 15 



GCT TTC CCC ACG GAT GAT r«- r— 
Ala Phe Pro Thr As P A J D A^ Asp ^ v^ ^ GGT TAC ACC ™T 

20 " P ' S ^* Val Gly Gly Tyr Thr Cys 

30 

GCA GCA AAT TCC ATT C~~ TAr 

Ala Ala Asn Ser lie Pr^ ?yr G^n Va7 Se' £* T TCT GGC TCC C ^C 

35 3 " V ^ Ser Leu Asn Ser Glv Ser H<s 

* U 45 



48 



96 



144 



TTC TGT GGT GGG TCC CTC A~ -~ 
Phe Cys Gly Gly Ser Leu lIJ sJl l° G ° TG GTG TCT GCT GCT 19 , 

50 - e Ser Trp Vai Val Ser Ala Ala 

60 
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CAv_ TGC TAC A^~.G T ^ C — .-A ATI CAS GTG CGT CTG G G A GAA CA. C AA.C ATG 2 4 0 

His C y s T y r L y s Ser A:: lie Gin Y a 1 Arc Le u G 1 v G 1 u H is As r. lie 
6 5' " " 7 5 

- GTC CTT GAvj GG_ /VAT GAG CAA TTG A.TC .AAT GCC GCC AAvG .ATG ATG 28 6 

As p Va 1 Leu Giu G 1 y Asn G 1 „ Gin Phe lie As n Al a Al a Ivs lie lie 

30 e: 9 0 " 95 

ACC CAG CCG A_ AT T x _ j-JAT GGA AAT AGG TTA GAT AAG GAC ATG ATG GTG 336 
Thr His Pre Asn Phe Asn Gly Asp. Thr Leu Asp Asn Asp He Met: Leu 
ICG 105 110 

ATT AAA CTG AGC TGA CGT GCC ACT CTC AAG AGT CGA GTA GCA ACT GTG 38 4 

He Lys Leu Ser Ser Pre Ala Thr Leu Asn Ser Arg Val A^a Thr Val 
115 120 125 

TCA CTG CCA AG A TCT TGT GGA GGT GCT GGT ACC GAG TGT CTC ATG TCT 4 32 

Ser Leu Pro Arg Ser Cys Ala A^a Ala Gly Thr Giu Cys Leu lie Ser 
130^ ' 13 5 140 

GGC TGG GGC .AAG ACC AAA AGG AGT GGC TCC AGC TAG CCT TCG CTC CTG 48C 
Gly Trp Giv Asn Thr ivs Ser Ser Glv Ser Ser Tyr Pro Ser Leu Leu 
14 5 15 0 * 155 

CAA TGC CTG .AAG GCC CCC GTC CTA AGT GAC AGT TCT TGC AAG AGT TCC 52 8 

Gin Cys Leu Lys Ala Pre Val Leu Ser Asp Ser Ser Cys Lys Ser Ser 
160 165 17 C " 175 

TAC CCA GGC CAG AT C ACC GGA AAC ATG ATC TGT GTC GGC TTC CTG GAG 57 6 

Tyr Pro Gly Gin He Thr Gly Asn Met He Cvs Val Gly Phe Leu Giu 
180 185' 190 

GGT GGT AlAG GA.T TCT TGC CAD GGA GAC TCT GGT GGC CCC GTG GTC TGC 62 4 

Gly Gly Lys Asn Ser Cvs Gin G^v Asp Ser Glv Glv Pro Val Val Cys 
195 200 " 205 

AAT GGA CAG CTC CAG GGT ATT GTC TCT TGG GGC TA.T GGC TGC GCC CAG 6*7 2 

Asn Giv Gin Leu Gin. Glv He Val Ser Tro Giv Tyr Gly Cvs Ala Gin 
210 * 215 * " 220 

AAA AAC AAG CCT GGG GTC TAC ACC AAG GTC TGC AAC TAT GTG AAC TGG 72 1 

Lys Asn Lvs Pro Giv Val Tvr Thr Lvs Val Cvs Asn Tvr Val Asn Trn 
225 "* * 230 ~ ~ 235 

ATT CAG CAG ACC ATC GCT GCC AAC TAAAGAATTT CATTTCTTCA TGACTCTTCC 774 
lie Gin Gin Thr lie Ala Ala Asn 
2 4 0 2 4 5 

CTTTAGTCAT CTTCACCTTC CT CC CAT CCT GCGAACAG CA TCTAAA.TAAA AACATTTTGA 834 

CCTGTACCAG CATCT.AAATA A\A AAC A.TTTT GAGCTGTACC CAAAAAAAAA AAAAAGGAAT 894 

TCC 8 97 

(2; INFORMATION FOR SEQ ID NC : 2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 247 amino acids 
( 3 ) TYPE : ami no a ci 
(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: prcrem 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
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He Pro Asn Thr Phe Va ' L-u t-m - 

1 5 ^ Leu G1 V Ala Ala Va! Ala 

Phe Pro Thr Asp As, Asp Asc Lvs Va ' r^, - ~, 

20 ^ ^ G-V G.y Tyr Thr Cys Ala 

3 0 

Ala Asn Ser lie p — t«-. r- i , 

T -'- Ser L - Ser Glv Ser His Phe 

45 

Cys Gly Gly Ser Leu r: e As _ «. ^ 

50 " e A ^ Ser G ^ Trp Val Val Ser Ala Ala H is 

6 0 

cys Tyt ly . s „ Arg „. w Acg g ^ ^ ^ ^ p 

WIT 75 80 

val Leu Glu Glv A^n <-i.. /— i 

7 35 ^ P ^ X1 * Ala Ala Lys He He Thr 

95 

His Pro Asn Phe Asn Glv A-n r t 

100 J A ~° ^ hr ^ ASP Asn As P He Met Leu lie 

* 5 i : o 

Lys Leu Ser Ser Pro Ala n, t ~„ * 

115 ^ Asn Arg Val Ala Thr Val Ser 

" J 125 

Leu Pro Arg Ser C-s Ai- a ] => 

130 '"^ Thr Glu C ^ Leu He Ser Glv 

14 0 

Trp Gly Asn Thr Lvs Se- Ser q 

145 - 158 Ser Pro Ser Leu Leu Gin 

160 

Cys Leu Lys Ala Pre Va ^ Len <w - 

165 Scr " Sp ?« S ^ Cys Lys Ser Ser Tyr 

175 

Pro Gly Gin lie Thr Gi v As- Me— p r 

180 - * M ^ C V S Vai Gly Phe Leu Glu Gly 

1:55 190 

Gly Lys Asd Ser Cys r,i. rl „ n 

195 >S s « GIV GlV Pro Vai Val Cvs Aan 

205 

Gly Gin Leu Gin Glv — e V^ c^,. - 

210 - * Gly Tyr Gly Cys Ala Gin Lvs 

22 0 Y 

Asn Lys Pro Gly Va ' — ^ - , , 

225 ' * li;. *— ^ V£ Cys Asn Tyr Val Asr 

Gin Gin Thr He Ala Ala Asn 



- -- — P He 

" 35 240 



(2) INFORMATION FOR 3EZ> ZD NC ■ «■ 

(1) SEQUENCE CHARACTER-s^-s- 
|A) LENGTH: 27 base pairs 

* TYPE: nucie lc acid 
<^< STRANDEDNESS: sinole 
(D) TOPOLOGY: linear ' 

(11) MOLECULE TYPE : DMA probe 

(ill) HYPOTHETICAL: Y r S 

dv) ANTI-SENSE: NO 

GCCCCCAACG ATCTTGTCAT CAT CAT C 
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: infcr.mat: cn fc~ se~ nc: a-. 
i, sequence character! sti c2 : 

(A; LENGTH: " case pairs 

(5, TYPE: nicle^c anc 

( C ; ST RA! ; I F 2 : : E 2 I : s:n:.e 

■ D ; TOPOLOGY : 1 i p. e a r 

111; MOLECULE TYPE: SNA prcne 

(ill; HYPOTHETICAL: YES 

(iv) ANTI-SENSE: NO 

GTTCAGAGTC TTCCTGTCGT ATTGGGG 



(2; INFORMATION FOR SEQ 12 NC: i : 

; l ; SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 41 case pairs 
■:B) TYPE: nuclei: acid 

(C) STRANDEONESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA linger 
(ill) HYPOTHETICAL: YES 
;iv) ANTI-SENSE: NO 
GAT CC AC CAT GAATCCACT2 CT GAT CC TTA CC 



'2) INFORMATION FOR SZQ II NO: c: 

(i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 9c case pairs 

( B ) TYPE: n-cleic acid 

(C) STRAN2E2NES2 : single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: SNA linker 

(ill) HYPOTHETICAL: YES 

;iv") ANTI -SENSE: NO 

GCACCGGCCG CGGTGGCCTT CCCGACCGAC GATGACGACA AGATCGTCGG CGGGTACACG 
TGTGCAGCGA ACTCGATCCC TTACCAGGTC TCGCTG 
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A 



process for the production of trypsin 
derivative thereof in a fn„ - ypsin or a 

comprising filamentous fungus, the process 

(a) transforming a filamentous fungus host organism with 

a recombinant DNA vector which comprises ^ 
sequence encoding tr ypsinogen (protrypsin) \™* 
derivative thereof N-terminally fused J » 
sequence encoding a signal peptide/ 



(b) 



(c) 



culturing the transformed filamentous f ungus nost 

and secretion thereof tn „ ^- yp ln 

reor to the medium, and 

thereof from the medium. 



2 - The process according to claim i 

filamentous fungus is an ^ Wh «— the 

3. The process accordin 



The process accordina to risi™ 
vector further comprises a pr L ot °. r selected ZTJ^ ^ 
consisting of the ^ ^ amylas£ 

°mae TAKA amylase promoter. Promoters and the A. 



5 



wh _ • Pr ° CeSS accc -din g to any of the claims i t 

:::: t signai sequences is seie — <«» 

Prising the native trypsinogen signal sequences A „■ 
amylase signal and the A. pryzae TAKA amvl * 

_ y iaka amylase signal. 



com- 
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6. The process according tc any cf the claims 1 to 5 , 
wherein said trypsmcgen is of animal origin, especially mam- 
malian origin. 

7. The process cf claim 6, wherein said mammal is a 
human or a pig . 

8. The process according to any of the claims 1 to 5, 
wherein said trypsinogen is of microbial origin, especially 
of baterial or fungal origin. 

9. A DNA sequence encoding a porcine trypsinogen and 
having essentially the sequence as given in SEQ ID: 1. 

10. A vector comprising a DNA sequence according to 
claim 9 . 

11. A host transformed with a vector according to claim 
10 . 

12. The host of claim 11, which is a mammalian host. 

13. The host cf claim 11, which is a microbial host. 

14. The host of claim 13 which is a yeast or fungi. 

15. The host of claim 14 which is a filamentous fungi. 

16. A method cf recomb inant ly producing porcine trypsin, 
the process comprising 

(a) transforming a host with a recombinant DNA vector 

which comprises a DNA sequence encoding porcine 
trypsinogen or a derivative thereof N-terminally 
fused to a DNA sequence encoding a signal peptide 
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that nay be the native sequence or another si , 

seqwcs - a o t SU ch a s ignai P ;; ti :: gnai 

r Condltlons conducive to the P vn. 



medium, and 



recovering the porcine trypsinogen or tr ypsin 
deravative thereof Crom the madW tryPsln « 
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